T he U.S. Food and Drug Administration (FDA) requires that a number of quality assurance (QA) procedures be followed for the agency's food analysis programs. Major, minor, and trace element analyses are performed in FDA field laboratories by using a variety of methods (e.g., atomic absorption spectrometry and inductively coupled plasma-atomic emission spectrometry [ICP-AES] FDA in 1979FDA in , 1978FDA in , 1978FDA in , and 1976, respectively. All 4 SRMs were sterilized by radiation with 25-28 kGy 60 Co (SRMs 1566 and 1570 before bottling, and SRMs 1567 and 1568 after bottling). Many units of each SRM were obtained and kept in storage at FDA laboratories at NIST and in Washington, DC. For approximately 20 years, these materials were distributed for use as control materials in FDA laboratories, and reference values from NIST Certificates of Analysis (COAs) continue to be used, although NIST considers them to be "invalid after 5 years from the date of shipping."
T he U.S. Food and Drug Administration (FDA) requires that a number of quality assurance (QA) procedures be followed for the agency's food analysis programs. Major, minor, and trace element analyses are performed in FDA field laboratories by using a variety of methods (e.g., atomic absorption spectrometry and inductively coupled plasma-atomic emission spectrometry [ICP-AES]) to support imported and domestic food surveillance programs and monitor dietary intakes via the Total Diet Study Program (1) (2) (3) . QA procedures include frequent analyses of test portions of a variety of National Institute of Standards and Technology (NIST) Standard Reference Materials (SRMs). Among these are NIST SRMs 1566 Oyster Tissue, 1567 Wheat Flour, 1568 Rice Flour, and 1570 Trace Elements in Spinach, certified by NIST (at that time, the National Bureau of Standards) and obtained by FDA in 1979 FDA in , 1978 FDA in , 1978 , and 1976, respectively. All 4 SRMs were sterilized by radiation with 25-28 kGy 60 Co (SRMs 1566 and 1570 before bottling, and SRMs 1567 and 1568 after bottling). Many units of each SRM were obtained and kept in storage at FDA laboratories at NIST and in Washington, DC. For approximately 20 years, these materials were distributed for use as control materials in FDA laboratories, and reference values from NIST Certificates of Analysis (COAs) continue to be used, although NIST considers them to be "invalid after 5 years from the date of shipping."
A revalidation study was needed to confirm certified values and to verify consensus values (4, 5) established over 2 decades for these SRMs. Neutron activation techniques allow results to be obtained for a large number of elements for comparison with certificate and consensus values. To investigate the possibility of long-term degradation of these materials, multiple units of each revalidation SRM, stored since the original shipping dates (periods of 16-20 years) under different conditions, were analyzed by instrumental neutron activation analysis (INAA) and thermal neutron capture prompt (-ray activation analysis (PGAA). Mass fractions for 27 elements (Al, As, B, Br, C, Ca, Cd, Cl, Co, Cr, Cs, Cu, Fe, H, K, Mg, Mn, Mo, N, Na, Rb, S, Sb, Sc, Se, V, and Zn) were determined. In addition, several portions of each SRM, prepared and analyzed by PGAA in [1988] [1989] , were reanalyzed (6) .
Experimental
Apparatus FDA maintains INAA (7; for the determination of activated radionuclides having both short and long halflives) and PGAA (8, 9) facilities at the 20 megawatt (MW) research reactor at the NIST Center for Neutron Research in Gaithersburg, MD. For this study, multichannel analyzer systems with deadtime correction capability were operated under control of Canberra Genie Workstations based on DEC VAX 2000 and 4000 Workstations for PGAA and INAA, respectively. Canberra Acquisition Interface Modules (AIMs), along with ORTEC and Tennelec high-resolution spectroscopy amplifiers, Canberra analog-to-digital converters, and (for PGAA only) Compton suppression electronics, were used to accumulate 8192-and 16 384-channel spectra for INAA and PGAA, respectively. Gamma-ray photopeak areas were determined by reducing spectrum data files with Canberra software (PEAK and Interactive Peak Search routines) and SUM4, an interactive peak-fitting routine developed by R.M. Lindstrom of NIST's Nuclear Methods Group. Customized Microsoft Excel spreadsheets were developed to perform all other data reduction calculations (e.g., comparison with standards and decay, and corrections for background, blank, and interference) on Macintosh computers.
For PGAA, a vertical irradiation facility provided a 2.5 cm diameter thermal neutron beam (Cd Au ratio = 35) with a fluence rate of 3.5 × 10 . A 27% efficient (relative to 7.6 × 7.6 cm NaI [Tl] ) Princeton Gamma Tech Ge detector with resolution of 2.2 keV full width at half-maximum (FWHM) at 1333 keV was used for detecting collimated (2.5 cm diameter) prompt (-rays emitted by test portions during irradiations. The Ge detector was surrounded by an active 0.30 × 0.38 m NaI(Tl) anti-Compton shield and (-ray and neutron shielding. Accumulated spectra covered the (-ray energy range of 0-8 MeV.
For short-irradiation (30 s) INAA, an NCD Xterminal, connected to the Canberra Genie 4000 Workstation via ethernet, was used for analyzer control. A Pb-shielded 9% efficient Ge detector (FWHM 2.0 keV) was used for detection of delayed (-rays (energy range, 0-3 MeV) emitted by manually positioned test portions. For long-irradiation (6 h) INAA, analyzer and sample changer operations were controlled directly from the workstation. A Pb-shielded, 40% efficient Ge detector (FWHM, 2.1 keV) was used for detection of delayed (-rays (energy range, 0-2 MeV). Test portions were exposed to a thermal neutron fluence rate of 3.5 × 10 
Selection of SRM Units for Analysis
Instructions provided on the original COAs for SRMs 1566 Oyster Tissue, 1567 Wheat Flour, 1568 Rice Flour, and 1570 Trace Elements in Spinach indicated that the SRMs should be stored in the original bottles at 10-30°C with no exposure to intense radiation, including UV lamps or sunlight. Ideally, bottles should be stored in a desiccator and in the dark.
Four units each of NIST SRMs 1567, 1568, and 1570, and 3 units of NIST SRM 1566, all of which had been stored since receipt at room temperature, were selected for revalidation analysis. For each SRM, one unit chosen had been opened and in use for at least 10 years before the study, and material had been removed periodically. Of these, SRMs 1566, 1567, and 1568 had been stored together in a desiccator for over 15 years. The opened SRM 1566 Oyster Tissue unit had been stored without the original aluminized Mylar-sealed wrapper. The opened unit of SRM 1570 Spinach had been stored for over 10 years on a laboratory shelf, which was intermittently exposed to fluorescent lighting. All other units selected had never been opened. One unopened unit of each material had been stored mainly in a dark cabinet, whereas 2 (only one for SRM 1566) unopened units had been subjected to fluorescent lighting almost daily. The unopened units of SRM 1566 selected were sealed in their original aluminized Mylar wrappers.
As part of another PGAA study (10; preceding this 1996 study by about 8 years), 0.75 g test portions (in pellet form) of SRMs 1566, 1567, 1568, and 1570 had been analyzed and stored, sealed in Teflon foil bags and plastic Petri dishes, at room temperature in the dark. These test portions were reanalyzed to investigate the possibility of matrix degradation of material not kept in the original containers.
Single units of NIST SRMs 1566a Oyster Tissue (25 g), 1567a Wheat Flour (80 g), 1568a Rice Flour (80 g), and 1570a Trace Elements in Spinach Leaves (60 g) were used for control analyses. The COAs were still valid for these SRMs at the time of the study.
PGAA Procedures
Test portions were 0.75 g of undried material pressed into 1.27 cm diameter pellets and sealed in Teflon foil bags. Four portions from each of 3 units of SRM 1566 and 4 portions from each of 4 units of the other revalidation SRMs were prepared. Separate 0.75 g portions (in powder form) from each unit were dried according to one of the acceptable methods listed in the respective NIST COA to determine dry-weight bases. SRMs 1567 and 1568 were oven-dried at 85°C for 24 h, SRM 1570 was oven-dried at 85°C for 2 h, and SRM 1566 was freeze-dried for 24 h. Four portions (in powder form) each from single units of SRMs 1566a, 1567a, 1568a, and 1570a were also prepared, and dry weights were determined by freeze-drying.
Re-analysis test portions that had been prepared and analyzed in 1988-1989 included 2 of SRM 1570 and 4 each of the other 3 SRMs. Dry weights for these analytical portions had been individually determined after PGAA by freeze-drying and desiccation over P 2 O 5 to constant weight. The same dry-weight basis was used for the 1996 reanalyses. Irradiation times for all 1996 measurements ranged from about 7 to 24 h, whereas 1989 irradiations averaged about half that (4-12 h).
PGAA standards for B, Na, S, Cl, K, and S (minimum of 3 portions each) were prepared by pipetting solutions prepared from dry, reagent-grade chemicals onto Whatman (cellulose-based) filter papers. After drying, standards were formed into pellets. Two sets of B standards were prepared from H 3 BO 3 stock solutions, one of which was stabilized with NaOH. This provided a check on the possibility of boric acid loss via volatilization (no evidence of any loss was found). Other standard solutions were prepared from Na 2 SO 4 , KCl, KNO 3 , and CaCO 3 (stabilized with HNO 3 ). For Cd, 2 stock solutions were prepared from SRM 3108 Spectrometric Standard Solution, one of which was stabilized with HNO 3 . Procedural blanks were prepared and analyzed. Cl standard portions contained enough Cl to reduce neutron fluence by 1.6-1.9% relative to test portion fluence reduction. Neutron self-shielding corrections for other standard portions were small (≤0.3%) relative to test portion fluence reduction. Uncertainty due to self-shielding was <0.1% in all cases and considered negligible, compared with uncertainty from other sources (i.e., counting statistics and standardization).
Standard portions were about 0.75 g and contained about the same amount of H as was present in the SRM test portions.
Matching H content is important in neutron beam PGAA because elastic scattering of neutrons within test portions (almost entirely due to H) affects element sensitivities (i.e., photopeak count rate per unit mass of element present) (11, 12) . H, C, and N standard portions (0.54, 0.75, and 0.88 g) were prepared, in pellet form, from dry, reagent grade urea. Estimated uncertainties in element sensitivities due to scattering effects were estimated (13) to be <0.2% for Oyster Tissue, Wheat Flour, and Rice Flour SRMs and <1% for Spinach SRMs.
Irradiation times for standard portions ranged from 0.5 to 24 h. Photopeaks of energies of 2223, 477, 472, 770, 1942, and 558 keV were used for the determination of H, B, Na, K, Ca, and Cd, respectively. The Doppler-broadened 477 keV photopeak used for the B determination arises from the 10 B(n,") 7 Li nuclear reaction. Two or more photopeaks were used for the determination of Cl (784/788 keV doublet and 1164 keV), S (841 and 5420 keV), N (1884, 3678, 4509, 5269, 5299, and 6323 keV), and C (1261, 3684, and 4945 keV). Several corrections were made to account for spectral interferences. Na caused interference for B (477keV) and N (1884 and 3678 keV). F (from the Teflon foil bags) affected the Cd, S, and N photopeaks; Cl affected the B, N, and C photopeaks; K affected the N and S photopeaks; and Ca affected the N photopeaks. In some cases, interactive peak-search software was used to resolve multiplets. When this was not possible, corrections were made to peak areas by using known ratios to reference peaks. Reference peaks for Na, F, Cl, K, and Ca were 874, 1634, 787, 770, and 1942 keV, respectively.
System background and portion "blank" count rates were observed for elements present in the surroundings: N in air and H, B, C, Na, and Cl in system components. Blank count rates varied as a function of neutron scattering and could be directly related to H content (14) . B, C, N, Na, and Cl variability was characterized as a function of the H (2223 keV) count rate by irradiating a series of paraffin disks (0.11-0.55 g) and the test portion holder, with and without empty Teflon bags. These blanks produced an H count rate range (2-150 counts per second, CPS) covering the test portion H count rate range (80-100 CPS). H blanks were determined by using the H/Al and H/Pb count rate ratios measured with nonhydrogenous targets. By analyzing blank (no portion) spectra, as well as spectra obtained with S, Ti, and Be, H/Al, and H/Pb count rate ratios (6.3 and 18.5, respectively) were constant to within 5%, even though the H, Al, and Pb background count rates changed considerably. Because Pb and Al mass fractions for revalidation and control SRMs are well below the PGAA limits of detection (LODs), H background count rates could be calculated for each test portion from the Al and Pb count rates. Mass equivalents for test portion blanks were approximately 1.5 mg H, 1.5 µg B, 10 µg Cl, 300 µg Na, 40 mg N, and 35 mg C (including the C blank for the bag calculated from the F 1633 keV count rate).
Activities of test, standard, and blank portions were normalized by irradiating a 1.27 cm diameter Ti foil monitor and measuring the 341 and 1382 keV (-ray count rates ≥1 times a day. Day-to-day variations in these count rates were typically less than the counting statistics (0.4%) associated with these (-ray peak areas, but occasionally normalization corrections of ≤1% were necessary. Monitoring results were used to estimate the combined uncertainty due to portion positioning and neutron fluence rate variability (0.5%), which was propagated as type B uncertainty (15) .
Analyzer pulse pileup (PPU) corrections were performed by using the average PPU constant (0.927 ± 0.018, 1 standard deviation) measured for 4 (-ray energies over the system deadtime range of 0-30%. The count rate of the 662 keV (-ray from a stationary 137 Cs source was measured while deadtime was varied by irradiating a series of paraffin disks. Count rates for 341, 1382, and 6760 keV (-rays were measured by placing a Ti foil in the beam and varying deadtime by repositioning a 137 Cs source. System deadtimes for monitor, test, standard, and blank portions ranged from 4 to 7%. Uncertainty associated with PPU correction was a maximum of 0.1% and was negligible compared with uncertainty from other sources.
INAA Procedures
The INAA method was designed to eliminate or make negligible (compared with uncertainty from major sources, e.g., counting statistics) as many potential interferences as reasonably achievable (16) . Therefore, many common INAA corrections were not needed, and uncertainty associated with other corrections was negligible. The shapes and sizes of test portions were uniform and matched those of test portions typically analyzed in our laboratory; therefore, (-ray attenuation and geometry effects were negligible. Irradiation vessels ("rabbits") were packed and irradiated so that neutron attenuation and gradient effects were insignificant. Test portions were transferred after irradiation into nonradioactive containers to eliminate container blanks, and unknown, standard, and monitor count times were kept comparable so that decay correction uncertainties were negligible compared with uncertainty from other sources. Because dead times were similar, errors associated with PPU correction were minimized. Counting geometries were uniform and $15 cm from the detector face so that associated errors were insignificant. Multiple irradiations and counts were performed to optimize analysis conditions for groups of radionuclides having similar decay constants. This enabled radionuclides with small decay constants to be measured after short-lived radionuclides had decayed. This eliminated many direct photopeak interferences and most of the Compton-scattering interference produced by this short-lived radioactivity. Irradiations were performed by using highly thermalized neutrons so that interferences resulting from fast-neutron reactions such as the production of 28 Al from the 31 P(n,") 28 Al reaction were negligible. Because of the range of compositions being studied, other interferences common to geological materials were not significant for these materials (16) .
Test portions (0.5 g) were analyzed in as-received moisture conditions with very little matrix modification. For SRMs 1566, 1566a, 1570, and 1570a, pellets were formed because they were strong enough to remain intact while being manipulated during analyses. For these situations, the same test portions were used for both short-and long-irradiation INAA.
SRMs 1567, 1567a, 1568, and 1568a were analyzed in powder form. For these SRMs, separate test portions were used for short and long irradiations.
Moisture content was determined by drying separate 0.5 g portions from each unit taken at the same time that test portions were removed for analysis. SRM 1570 Spinach was dried for 2 h at 85°C. All other materials were freeze-dried. Drying portions were frozen at -30°C, put under vacuum (<25 mTorr), and then allowed to come to room temperature while remaining under vacuum for ca 28 h.
For both short-and long-irradiation INAA, standardization was based on pre-established sensitivities determined for the irradiation facility and spectrometer system. A large number of photopeaks, detailed elsewhere (7), were used for analysis. Na standard portions and Co-doped Fe foils (Fe/Co) were used as monitors to normalize the short and long half-life activities (respectively) to pre-established element sensitivities. For each (-ray photopeak used to determine a mass fraction, a pre-established calibration factor (photopeak count rate per mass of element normalized to monitor count rate) was determined by irradiating single-element secondary standards made from primary standard solutions prepared in our laboratory. Primary standard solutions were made by dissolving dried reagents ($99.9% purity) in high-purity water or acid-water mixtures. Solution concentrations were recorded on a mass-to-mass basis. Individual-use secondary standards were made by pipetting 20-200 mg primary standard solution (or a suitable dilution) onto a stack of eight 1 cm diameter disks of Whatman No. 541 filter paper in polyethylene bags. Thus, secondary standards were composed of biological material and had a size and shape that matched those of test portions typically analyzed in our laboratory. Transferred aliquots were measured gravimetrically. Mass loss from evaporation was negligible. Each bag containing a standard was sealed and inserted in a second bag to prevent contamination during irradiation and handling. Standards used for long-irradiation INAA were dried before the bags were sealed.
For determination of elements (Al, Cl, Cu, K, Mg, Mn, Na, and V) via their short halflife radionuclides (2.2 min to 15 h), one test or standard portion was irradiated at a time in a 3 × 9 cm screw-top polyethylene rabbit for 30 s. A single day of analyses included irradiation of all test portions for one original SRM, 4 test portions of a control SRM, and 2 standard portions. Test portions were weighed, irradiated, transferred to nonradioactive containers, counted, and reweighed. The first weight was used to monitor mass changes during storage (i.e., changes in moisture content) before irradiation. The second weighing was performed to record the efficiency of the test portion transfer. Two counting positions, 15 cm from the face of the detector for the 4 flour SRMs and 30 cm for the Spinach and Oyster Tissue SRMs, were used. The sensitivity difference (an average factor of 3.43) was determined experimentally by using Na monitors and was the same for all (-ray energies of interest. The uncertainty associated with this factor was 1% (relative) and was included in the Type B evaluation of uncertainty (15) . Two spectra were recorded for each test portion. Counting was started ca 1.5 min after irradiation. After about 5 min of accumulation, the spectrum used for determination of Al was recorded on disk. The count continued to 10 min live time to obtain the spectrum used for the other elements. After a 10-day decay, Spinach and Oyster Tissue test portions were sealed in new polyethylene bags for a long irradiation. Wheat Flour and Rice Flour test portions were not re-analyzed.
For long irradiations, each rabbit typically contained 8 revalidation SRM test portions, 2 control SRM test portions, and 2 Fe/Co monitors (for neutron fluence, geometry, and sensitivity normalization). Sensitivities were invariant for all test portions in a rabbit because rabbits were inverted midway through irradiation to negate the effects of the neutron fluence gradient. Irradiation time was 6 h (3 h plus 3 h inverted). After 7-10 days of radioactive decay, test portions were weighed to monitor moisture variations during storage, transferred to nonradioactive containers, reweighed to measure transfer efficiency, and counted for determination of elements (As, Br, Sb, and Mo) producing radionuclides with intermediate halflives (1.1-2.8 days). After 3-6 weeks of radioactive decay, all portions were recounted for determination of elements (Cr, Cs, Co, Fe, Rb, Sb, Sc, Se, and Zn) producing radionuclides with longer halflives (19 days to 5.3 years). All portions and monitors subjected to long irradiations were counted at the same automatic sample-changer geometry.
Variations in the Compton scattering background continuum, background radiation, and peak-fitting difficulties led to uncertainties in determinations of peak area. Compton scattering raised spectral baselines over the energy ranges of interest by varying amounts, depending on the activity level. This led to variations in measurement uncertainties and LODs. Such effects were minimized for some elements by using only certain irradiation/count combinations for analysis (e.g., for Zn determination, a long irradiation and several-week decay maximized the count rate for the 1115 keV photopeak for 65 Zn while eliminating Compton background interference from 24 Na). Background radiation contained (-rays that increased peak areas for activation products of Co, Cs, and Sc. Corrections for these interferences were based on previously measured background radiation count rates. Peak-fitting difficul- ties resulted from photopeak overlap when activation product (-rays were very close in energy. These were evaluated and treated via manual inspection. When overlapping peaks were very close in energy and one peak was much smaller than the other (appearing as a "shoulder" on the larger peak), the smaller peak was not used because a small error in peak fitting would result in a large relative error in the area of the smaller photopeak.
Situations examined for potential errors from peak fitting included the Mg/Mn doublet, the Br/As/Sb triplet, and the Zn/Sc doublet observed in spectra of short-lived, intermediate-lived, and long-lived radionuclides, respectively. Peak-fitting difficulties were significant only for the Mg/Mn doublet (all materials) and the Br/As/Sb triplet (revalidation and control Oyster Tissue). The Mg/Mn doublet was not used because it was not needed. Photopeak count rates were high enough for alternative photopeaks to be used for both Mg and Mn. For Br/As/Sb triplets observed for Oyster Tissue materials, spectra were degraded (because of a detector malfunction) and photopeaks in the region of the triplet could not be used. However, Sb mass fractions were below the INAA LOD for these materials and, because of high photopeak count rates, alternative "clean" As and Br photopeaks could be used.
PPU constants were determined for the INAA systems by using stationary Na source decayed. An exponential fit to the data yielded PPU constants of 0.24 and 0.85 for the spectrometers used for short-and long-lived activities, respectively. Because analysis conditions were set to minimize differences in count rates, and percent deadtime was kept minimal, PPU correction effects were <4%, and errors due to PPU corrections were negligible.
Blanks were eliminated for the test materials because the test portions were transferred after irradiation to nonradioactive containers for counting. For standardization, secondary bags were removed from standard portions after ir- radiation and before counting. Blank contribution from the support medium (filter paper and polyethylene bag) was accounted for by analyzing 5 blanks. Averages and standard deviations of blank values for each element were used to correct sensitivities. All blank contributions were <3% of the total standard amounts, and blank uncertainties were negligible. Use of highly thermalized neutrons, consistent irradiation packaging, and small sizes and similar shapes for standard and test portions made any relative effects due to neutron thermalization or absorption negligible. Neutron self-shielding effects from Cl and B were also negligible.
Results and Discussion

SRM Moisture Content
Results for moisture loss determinations are presented in Table 1 . For 3 newly opened units of both SRM 1567 and SRM 1568, measured moisture content agreed well with NIST COA information, indicating that long-term storage does not affect the moisture content of these materials. No certificate moisture information was available for SRMs 1566 and 1570. Desiccator-stored units had very low moisture content and only slowly regained moisture during the 1-month period after initial testing. SRM 1566 showed a slight moisture increase during freeze-drying, an effect apparently caused by the presence of the other SRM portions in the drying apparatus. SRM 1570 showed only about a 1% variation in all measurements of moisture content, with previously opened units having a moisture content slightly lower than the average for the newly opened units. The different drying method used (freeze-drying of pellets followed by desiccator storage over P 2 O 5 ) in the 1989 experiments may account for the lower moisture contents for SRMs 1566, 1567, and 1568.
For control SRMs 1566a, 1567a, 1568a, and 1570a, drying losses were 3.8, 9.5, 8.9, and 4.1%, respectively. Certificate estimates for 1567a and 1568a were 9 and 8%, respectively, and no information was given for SRMs 1566a and 1570a. Drying portions taken 2 months later for 1567a and 1568a showed greater moisture content (10.3 and 9.8%, respectively).
Results for Control SRMs
Analyte mass fractions found with PGAA and INAA for control SRMs 1566a, 1567a, 1568a, and 1570a are presented in Tables 2-5 . Type A and type B evaluations of standard uncertainty were used to obtain the combined standard uncertainty, µ c (15), for each mass fraction. Type A uncertainties evaluated were measurement replication uncertainty (for control SRMs, the n = 4 standard deviation), standardization uncertainty, and background (and/or blank) uncertainty. For type B evaluation of uncertainty, combined irradiation (neutron fluence rate) and (-ray counting position uncertainties (estimated from monitor count rate variations) were taken as 0.5 and 3.0% for PGAA and INAA, respectively. Expanded uncertainties presented in Tables 2-5 were obtained by multiplying µ c by the coverage factor k = 2 and correspond to a level of confidence of approximately 95% (15) . Analyses of control SRMs and determination of acceptability of results were in accordance with guidelines and protocols published by the Inter- a Mean ± U (expanded uncertainty with coverage factor = 2); n = 12. b RSD = relative standard deviation; n = 4. c n = 3. d n = 12. e Uncertainty at 95% confidence level; information value if no uncertainty given. f Mean ± 1 standard deviation. g True value = NIST Certificate value (if in parentheses, true value = consensus value). h n = 7. i n = 9. j n = 4.
national Union of Pure and Applied Chemistry (17, 18) . Data quality was examined by using a "z-score." For this study,
where x m = measured analyte mass fraction, x c = accepted mass fraction ("true value"), and
where F m = combined uncertainty of the measured mass fraction and F c = combined uncertainty of the accepted mass fraction. Absolute values of z-scores of ≤2, between 2 and 3, and ≥3 indicate acceptable, questionable, and unacceptable results, respectively. For this study, the 3 z-score ranges were used as indications of agreement, questionable agreement, or disagreement between measured values and certified or consensus values. z-Scores in Tables 2-5 were based either on NIST-certified values with F c taken to be one-half the uncertainty stated on the certificate (given at the 95% confidence level) or, for noncertified analytes, on consensus values (4, 5) with F c taken to be the uncertainty given in the references (1 standard deviation) .
Absolute values of ≥3 for z were found for Br (INAA) and Cl (PGAA) in SRM 1566a, and 1 value between 2 and 3 was found for Na in SRM 1568a. All other z-scores indicated acceptable results for control SRMs. INAA results for Br in SRM 1566a were about 30% higher than the consensus mean, but results for SRM 1567a and 1568a were in good agreement with NIST information values, indicating that the consensus value may be low. Although the PGAA value for Cl in SRM 1566a yielded an unacceptable z-score, it was only about 4% lower than the certified value, and Cl results agreed well in general with the other control SRM values. Although Na results for SRM1568a were about 50% higher than the certified value, results for the other control SRMs were acceptable. The reason for the high Na results for SRM 1568a is unknown, but 2754 keV peak results were higher than those obtained for the 1368 keV peak. This suggests the presence of another 24 Na source outside the Pb shielding surrounding the detector. No comparison values were available to calculate z-scores for H and C in the control SRMs.
Results for SRMs 1566, 1567, 1568, and 1570
Analyte mass fractions, with expanded uncertainties (as described above for control SRMs) found for all portions of SRMs 1566, 1567, 1568, and 1570 analyzed, are presented in Tables 6-9 . As an indication of homogeneity, also given for each is the average (for n = 4 portions/unit) within-unit relative standard deviation (RSD), the n = 4 unit RSD (n = 3 for SRM 1566), and the n = 16 portion RSD (n = 12 for SRM 1566). z-Scores relative to either original certificate values (uncertainties given at the 95% confidence level in Tables  6-9) or consensus values (±1 standard deviation uncertainties given in Tables 6-9 indicating questionable agreement). Mass fraction mean (n = 4 portions) z-scores for each of the 4 units analyzed were in the range -2.5 to -2.9. Se results for control SRM 1567a (a nearly identical matrix) were in excellent agreement with certified values (z = 0.0). Apparently, either uncertainties for INAA and/or certified Se values were underestimated or loss of Se occurred over time.
Very little evidence of unit-to-unit mass fraction variability was found. PGAA results for H (6.45%) and Cl (580 mg/kg) in the desiccator-stored unit of SRM 1567 Wheat Flour were slightly lower than the averages for the other 3 units (6.55% H, z = -2.2 and 606 mg Cl/kg, z = -2.2, respectively). INAA Cl results showed no significant difference between these units (627 versus 615 mg/kg, z = +0.9). For the 2 unopened SRM 1568 units stored under intermittent fluorescent lighting, Mo results (1.31 ± 0.14 mg/kg) disagreed with the consensus value (1.62 ± 0.04 mg/kg) with z = -4.5, whereas the average (1.50 ± 0.18 mg/kg) for the other 2 units (one previously unopened unit, one stored in a desiccator) agreed with the consensus value (1.62 ± 0.04 mg/kg, z = -1.4). INAA Mo results for control SRM 1568a were in agreement with (z = -1.8) but about 14% lower than the certified value; thus, the discrepancy noted for SRM 1568 may be attributed to underestimation of analytical uncertainty. The NIST COA lists an information value of 1.6 mg Mo/kg. INAA Cr results (3.9 ± 0.5 mg/kg) for a previously unopened unit of SRM 1570 showed questionable agreement with the certified value of 4.6 ± 0.3 mg/kg (z = -2.5) but agreed with the consensus value of 4.2 ± 0.6 (z = -0.4).
Results for Reanalysis of PGAA Portions
PGAA results for SRM portions reanalyzed after approximately 7 years in storage are presented in Table 10 . No evidence of change in mass fractions (dry-weight basis) for H, C, N, Na, Cl, K, Ca, S, or Cd was observed. B results reported in Table 10 for the 1989 analyses are slightly different from those originally reported (10) because in the interim, better methods were developed to deal with background subtraction and sensitivity calibration (11, 14) . Original raw data were re-analyzed to produce the B mass fractions in Table 10 . B in SRMs 1566, 1567, and 1570 remained constant, but re-analyzed portions of SRM 1568 showed an average 41 ± 8% (on an n = 4 portion-by-portion basis) lower B mass fraction, suggesting B loss with age. This is consistent with other published B values for this SRM reported in 1990 (19; neutron activation mass spectrometry, 0.80 ± 0.04 mg/kg), and 1993 (20; photometric method, 0.72 ± 0.11 mg/kg; ICP-AES, 0.55 ± 0.04 and 0.57 ± 0.03; and ICP-mass spectrometry, 0.55 ± 0.03 mg/kg).
Conclusions
In the main part of this work, unopened units of SRM , and 11 (of 23) elements (respectively), which are comparable with or better than certified or consensus uncertainties (at the 95% confidence limit). Overall agreement for so many elements (including those with larger expanded uncertainties) is a strong indicator of stability. The lack of significant unit-to-unit variability, regardless of storage conditions, is further evidence of the stability of the original material.
Long-term retention of dry-weight characteristics is also indicative of a stable matrix. Even "poorly stored" SRMs showed no significant change in mass fraction or weight basis. The moisture content of approximately 20-year-old newly opened units of SRM 1567 and SRM 1568 agreed with original certificate estimates. Major matrix element (H, N, and C) mass fractions (i.e., those potentially subject to change because of biological activity) showed no significant unit-to-unit variation (relative to dry-weight basis) for a given SRM, regardless of storage method or unit condition. INAA Mo results for 2 previously unopened units (frequently exposed to fluorescent lighting) of SRM 1568 were about 20% lower than the consensus and certificate values. Mo results for 2 other units of SRM 1568 stored mainly in the dark (one in a desiccator, one previously unopened) agreed well with the consensus value. INAA Se results for 4 units of SRM 1567 were all 20-25% lower than the certificate and consensus values, presenting the possibility that volatilization losses might have occurred during storage. The original certificate states that Se (as well as Hg) must be determined by using undried portions be- Se results for control SRM 1567a Wheat Powder were in excellent agreement with the certificate value. A separate set of SRM portions that were prepared, analyzed, and stored in the original irradiation packaging showed no mass fraction changes for B, C, Ca, Cd, Cl, H, K, N, Na, or S when reanalyzed by PGAA 7 years later, with the exception of a possible decrease of B in SRM 1568 (6) . Hydrolysis of B species to boric acid (which is volatile) is possible if the material is moist and acidic (11) . Overall, measurements in this part of the study corroborated the conclusion from the main part of the study: the SRM matrixes in question are stable for long periods of time, regardless of storage condition. It was also shown that, for certain "nondestructive" techniques like PGAA, QA control portions may be stored and reanalyzed repeatedly for many years, with confidence that element mass fractions (with B a possible exception) and dry-weight bases remain unchanged.
By combining PGAA and INAA techniques, determination of mass fractions for 27 elements was possible. Results for control materials (SRMs 1566a, 1567a, 1568a, and 1570a) agreed extremely well with certificate and consensus values when evaluated with z-scores, giving us confidence in the accuracy of the results for the revalidation SRMs. The primary goal of the study was to revalidate SRMs 1566, 1567, 1568, and 1570 so that they could be used, with confidence, as QA materials. In general, this requires agreement of the mass fractions (with certified or well-established values) to within 10%. In this study, that condition was met for most elements having comparison data for mass fractions. The information provided by this study shows that although original NIST COA values are no longer valid, continued use of these SRMs for QA purposes is justified.
